Introduction

D
eboosere et al. 1 showed that in Belgium, for the period 1991-2004, the increase in life expectancy (LE) in people with high educational attainment was larger compared to people with a low level of education. The widening of the inequality was present across the entire educational gradient. Increasing life expectancy is however only one facet of improving population health and it is important to evaluate if a longer life goes together either with a longer healthy life, indicative of compression of morbidity 2, 3 or with an increase in unhealthy years or an expansion of morbidity. 4 Changing both the length of life and the length of healthy life is a result of a simultaneous change in mortality and morbidity rates. 5 As mortality and morbidity are unequally distributed within societies, interpreting the change in the social distribution of population health needs a composite health measure that combines both prevalence rates of morbidity and mortality rates. For instance, a health expectancy indicator categorizes LE in years lived without disability [disability free LE (DFLE)] and with disability [disability LE (DLE)]. Besides examining the quality in the additional years lived, it is important to understand how this change over time occurred. Is the trend in the social gap in DFLE or DLE mainly due to a change in the distribution of mortality or of morbidity? This question is essential because tackling inequalities in mortality and morbidity may need a different approach. The partitioning of the educational differences in DFLE and in DLE into a part due to mortality and a part due to disability is done using a decomposition method developed by Nusselder and Looman. 6 This method is a modification of the Arriaga method for decomposing differences in LE.
Netherlands, which have studied trends in health expectancy indicators by social position over time. [12] [13] [14] In this article, we examine (i) if in Belgium the social gradient in DFLE and DLE by educational level has narrowed or widened between the 1990s and 2000s and (ii) if there is evidence for a compression or expansion of morbidity by educational level. A third objective is to estimate the contribution of mortality and disability to the secular trend in the socio-economic inequality in DFLE and DLE.
Methods
Data
To assess LE, DFLE and DLE, data on mortality and disability are needed.
Mortality data were derived from a linkage of the 1991 and the 2001 censuses for a 3 years follow-up period with the National Register that includes data on vital status, using a unique identifier.
LE by educational attainment was calculated by year starting at age 25 years up to age 100 years. 1 To integrate the survey disability data in the life ] did not change between the two surveys. The National Register was used as sampling frame to select a sample using a multistage sampling method. 15 The number of subjects aged 25 years and over in the two surveys was, respectively 6763 and 9271.
Socio-economic position
The socio-economic position was defined by the highest level of educational attainment. The census and Health Interview Survey used the same question and response categories. The educational attainment was recoded into five categories: no formal education, primary education (age 7-11 years; duration 6 years), lower secondary (age 12-14 years; duration 3 years), higher secondary (age 15-17 years, duration 3 years), and tertiary education. 16 
Health domain
The Belgian Health Interview Survey has used the same instruments as proposed by the WHO-Europe working group to identify people with activity restrictions. 17 Activity restriction was used to define disability and was classified based on difficulties in doing one of seven ADL-functions (transfer in and out of bed, transfer in and out of chair, dressing, washing of hands and face, feeding, going to the toilet, continence), or having mobility problems (walking distance of maximum 200 m) or problems in seeing [inability of the interviewee (even wearing glasses) to recognize a person at a distance of 4 m] or in hearing (inability of the interviewee (even with a hearing aid) to follow a TV program at a volume others find acceptable).
Health expectancy
The DFLE's and DLE's at age 25 years were calculated using the Sullivan method. 18, 19 The mortality part of the variance was ignored when estimating the variance of the health expectancies. 20 The hypothesis of equality of two health expectancies are conservatively tested by following Z-score: 19 The relationship between morbidity, disability and population health is often described in terms of compression or expansion. [2] [3] [4] Compression of disability occurs when the DFLE increases to a greater extent than the LE and hence the number of years with disability decline. 22, 23 In all other cases, expansion of the disability prevails.
Summary measures of socio-economic inequalities
Guidance for measuring inequalities in health suggests using both absolute and relative measures. 24 Because of the changes in the educational distribution over time, we used the Composite Index of Inequality (CII) as an overall population measure of inequality. The CII accounts for the population size of the educational classes. 1 The absolute CII (CII abs ) is the sum of the weighted (w i ) difference in the LE, DFLE or DLE between the educational groups and the tertiary education group category, with w i proportional to the population size of the educational categories. The relative Composite Index of Inequality CII rel is the CII abs divided by the overall population's health expectancy and is interpreted as the percentage change in the overall health expectancy that would occur if all socio-economic groups had the health expectancy of the population with tertiary education. A decline in the CII rel of the DFLE implies a decrease in the inequality. For the DFLE, the CII abs and CII rel are:
Decomposition of the inequality in health
To estimate the contribution of mortality and disability to the inequality in health expectancy, a method of decomposition was used. 6, 25 The inequalities in LE, DFLE and DLE are split into different parts: the proportion due to the inequality in mortality rates and the proportion due to the difference in the prevalence of disability. The first component is the 'mortality effect': the difference in person-years lived with or without disability that is due to a differential mortality. The second component, the 'disability effect', is the difference in person-years lived with or without disability because of differences in the prevalence of disability. Whereas inequalities in LE reflect differences in mortality rates only, inequalities in DFLE or DLE are a result of differences in mortality combined with differences in the prevalence of disability. Calculations were done using R [A copy of the R program and user manual are available from W. Nusselder (w.nusselder@erasmusmc.nl)].
Results
Between the two censuses, there was a substantial increase in the educational attainment (table 1 Educational inequalities in LE, DFLE and DLE are large (table 2) . Generally, as educational attainment increases, LE and DFLE increase, while the expected years spent in disability decrease. For example in the latest period, the difference in DFLE between those with a tertiary education degree and those having no formal education was 18.6 years for men and 18.2 years for women. The difference in DLE between these two extreme educational groups was À11.1 years for men and À11.7 years for women.
In males, the increase in DFLE over time exceeded the rise in LE in all educational groups but men with higher secondary education (table 2). In the latter, the years without disability decreased about one year and the years with disability increased about three years providing evidence for an expansion of morbidity. In women, there was only evidence for compression in the population with primary education. In women with higher secondary education or without diploma, the DFLE decreased with, respectively >2 and 4 years and the DLE increased with 3.5 and 3.9 years.
Compared to people with tertiary education, the absolute difference in DFLE in both genders increased for all educational groups except for males with primary education (table 2) . The increase of the inequality is not linear over the educational gradient. Substantial increases in the inequality were observed for men (4.0 years) and women (4.5 years) with higher secondary and for women with no formal education (6.8 years). The inequality in DLE increased especially for men and women with higher secondary (3.5 years) and for women with no diploma (3.9 years).
In order to account for the change in the educational distribution observed in table 1, we evaluated the secular trend using an 'overall' population measure of inequality, the CII (table 3) . Among men, the CII abs changed from 7.3 to 6.2 for DFLE and from À4.1 to À2.9 for DLE. The reduction in the 'overall' inequality is mainly due to the decline in the proportion of men without a diploma. If the total male population had the mortality and disability experience of men with a tertiary education, the DFLE of the overall male population would increase by about 19% in the 1990s compared to $15% in the 2000s, indicating a reduction in relative inequality. Among women, the increase of the inequality remained when the shift in educational attainment was accounted for (change in CII abs from 6.3 to 6.7 for DFLE and from À3.0 to À3.2 for DLE). The CII rel did not change and remained $16-17%. Tables 4 and 5 show the decomposition of the inequalities in LE, DFLE and DLE into a mortality and disability part. For example compared to men without a diploma, LE in men with tertiary education was 5.4 years greater in the 1990s. The latter were living 17.0 years longer without disability and 11.6 year less with disability. The difference in LE is only attributable to inequalities in the mortality rates. However, the DFLE and DLE inequalities are a result of inequality in both mortality and disability. Men with tertiary education lived 2.3 years longer without disability because they had lower mortality rates (mortality effect) and 14.7 years longer because the prevalence of disability in this population was lower (disability effect). The 11.6 years less expected years with disability is partly a result of a lower mortality, which causes 3.1 more years to live with disability and a lower disability prevalence, which accounts for 14.7 years fewer years with disability.
Generally, disability accounted for two thirds or more of the inequality in DFLE. Compared to men with a tertiary education degree, the increasing inequality in years without disability of men with higher secondary education was mainly a result of the increasing disability prevalence. Inequality in DFLE (4.8 years) due to disability was +3.3 years (69%) in the 2000s compared to À0.4 years in the 1990s. The contribution of the disability effect to the inequality in DFLE increased also slightly in men with no diploma. In the other educational groups the contribution of the disability effect decreased in both the number of years, and as a proportion of total DFLE-inequality, indicating that over the decade of observation the part of the inequality in DFLE due to mortality difference became more important for those groups. The importance of the disability prevalence for the inequality in DFLE increased substantially for women with higher secondary and women without diploma. For women with higher secondary, the inequality in DFLE due to differences in the disability prevalence was in the 1990s 1.0 years out of the 1.3 years (72%) compared to 5.1 years out of the 5.8 years (88%) in the 2000s. Among women with no diploma, the disability effect on the DFLE inequality increased from 9.5 years (83%) to 16.0 years (88%). For women in the other two educational categories, the years of the inequality in DFLE due to the disability effect increased but as a proportion of the DFLE-inequality remained unchanged [primary education (86%)] or decreased [lower secondary (84% to 81%)].
Discussion
In this article, we assessed whether, at the turn of the 21st century, the social divide in health narrowed or widened in Belgium. We determined the contribution of mortality and disability prevalence to the changes in socio-economic inequality.
Only among men there was some evidence for compression of morbidity. The increase in DFLE (+2.42 years) was larger than the increase in LE (+2.26 years) and therefore the years with disability decreased (À0.15 years). Among women, the change in DFLE was a little less than the increase in LE (respectively +1.51 and 1.57 years), so that the years with disability increased somewhat (+0.06 years). Generally, a higher educational attainment is associated with a longer LE, a longer DFLE and fewer years with disability. Compared to the highest educated population, differences in the prevalence of disability accounted for at least 66% of the inequality in years without disability.
There was no evidence that the social inequalities in health expectancy narrowed since the 1990s. People with the highest education continued to live even longer, continued to live even longer without disability and with fewer years with disability. The only exception is observed in men with a degree of primary education. In this group, the increase in DFLE exceeded substantially the increase in LE leading to a reduction of the inequality in DFLE and DLE and a reduction of the contribution of the disability effect to the inequality in DFLE, despite increasing inequality in LE. The increase in the inequality in DFLE was considerable among males and females with higher secondary education and among females with no diploma. In these educational groups the change in inequality is largely due to increasing inequality in the disability prevalence. Changes in population health may be affected by different and sometimes conflicting phenomena. Declining mortality tends to increase the duration and proportion of life in ill-health, because more people enter into ages where the probability of unhealthy outcomes is high and because the life of the unhealthy is extended. 26 It has been suggested that expansion of disability goes with the highest LE and compression with the lowest. 27 This hypothesis may explain the gender difference with evidence for compression among men and not among women but not the specific trend of the different educational attainment groups compared to the highest educational attainment, reported in this study. A substantial part of the association between educational attainment and health is mediated through occupational position and income, 28 while other determinants such as knowledge, reversed selection and diminished access to health care only partially contribute to the main causal effect. The upward shift of the educational distribution as realized in Belgium is similar to the changes in most other European and OECD countries. 29 The size of the population with no formal education has reduced drastically. The composition of this population group may have changed towards a more extreme characterization of the social position in terms of lifestyles, social marginalization, poverty and possibly with a greater inverse health selection effect. 10 Both the more extreme characterization and the selection hypothesis are probable contributing factors to the very slow health progress within this subgroup, although it has been suggested that the explanation is more likely to be found in differential health behaviour. 11 Data from the health interview surveys in Belgium suggests that the socio-economic gradient in lifestyles increases among men and persists among women. 30, 31 . On the other hand, the democratization of the educational system in Belgium had a positive effect. When the change in educational distribution was accounted for, the size of the health gap reduces or even vanishes among males. Furthermore, the strongest improvement in health was observed in the population with tertiary education, indicating that there was no dilution effect.
We need to remain cautious when interpreting secular trends in health expectancy indicators. The Sullivan method uses prevalence data on morbidity and may therefore not be sensitive to sudden changes in population health. 32, 33 Furthermore, the disability progresses in a non-linear way with increasing age 34 and changes in the disability prevalence reflect only partially the changes in incidence and transitions between health states as it is confounded by mortality rate and cure rate.
We are not aware of studies reporting on the contribution of mortality and disability prevalence to the secular trend in the socio-economic inequality in DFLE and DLE. Yet, our findings are in line with publications reporting on trends in inequality in health expectancy. Most comparable with respect to the time period and socio-economic variables used is a study which describes for Denmark a widening of the social gap in different health expectancy indicators by educational level for the period 1994-2005. 13 Earlier observations in France (1980-1991), 12 in the USA (1970-1990), 35 or in New Zealand (1981-1991) 36 did not find a narrowing of the social inequality in the health expectancy indicators. Only in the Netherlands a decrease in the social gap in morbidity-free LE was described (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , but in this study social differentials in mortality were not accounted for. 37 However, in a recent newsletter of Statistics Netherlands no change in the social inequality of different health expectancy indicators for the period 1997/ 2000-2005/2008 was reported. 14 
Strengths and limitations
The current study has several strengths. LE by educational attainment is estimated through individual record linkage using a unique identifier present in both the census and mortality register files. The instrument used to classify education was the same in the census and health surveys and the methodology and questionnaires of the two surveys did not change.
A limitation of the study is the participation rate of 60% in both surveys. A selection bias, leading to an underestimation of the effect of low social position on poor health was documented. 38 Another limitation is the time shift between the mortality follow-up and the time of the survey for the first period. Previously a 6-year period of mortality follow-up has been used, 25, 39 but it was reduced to 3 years to fit the follow-up time available for the 2000s period. 1 A last weakness of the study is related to the delay in coding causes of mortality in Belgium. We were not able, as was done previously, 25 to estimate the contribution of specific diseases to the gap in DFLE and LE for the latest period. This hampered the interpretation of the observed trends as we cannot assume that the relative contribution of different diseases to the social gap remains the same over time.
Conclusion
The results of this article reinforce the conclusion on the secular trend in LE by educational attainment published previously. 1 The investment in human capital through education is essential in the fight to reduce the health divide but at the same time it is necessary to focus on the health situation of the lower educated, as in this group DFLE is substantially lower and the number of years with disability substantially higher. As the disability effect is the main contributor to the gap in DFLE, attention should be given to the prevention of disabling diseases which contribute substantially to differences in DFLE by educational attainment. 
Key points
Between the period of the 1990s and 2000s the trend of the Disability Free Life Expectancy (DFLE) at age 25 in Belgium suggests compression of morbidity among men; among women there is evidence for expansion of morbidity. At the turn of the 21st century, the inequalities in the DFLE at age 25 years between those with the highest education and those with a lower educational attainment have not narrowed. People with the highest education continued to live even longer, they continued to live even longer without disability and to live less years with disability. Compared to the highest educated population, differences in the prevalence of disability accounts for at least two-thirds of the inequalities in expected years without disability. As disability is the main contributor to the social gap in DFLE by educational attainment, health policy should focus on the prevention of disabling diseases.
